The ligands 4-((methyl)sulfane)phenyl)-2,2′:6′,2″-terpyridine (L 1 ) , 4-((4'-(methyl)sulfane)phenylethynyl)-2,2′:6′,2″-terpyridine (L 2 ) and bis(tridentate) bridging ligand 2,3,5,6-tetra(pyridine-2-yl)pyrazine (tpp) have been used to prepare the complexes 
INTRODUCTION
With the increased availability of STM and break-junction technology great strides have been made in the understanding of single molecule conductance, 1 particularly with regards to pure organic compounds such as polyynes, 2, 3 oligophenylenes, 4 and oligoaryleneethynylenes.
Metal complexes based on 2,2′:6′,2″-terpyridine (tpy) ligands have proven to be valuable for evaluation of many of these features of metal complexes in molecular electronics, and to-date these are some of the most studied metal complexes to be incorporated into a metal|molecule|metal junction and related molecule|metal assemblies. 11, 12, [17] [18] [19] [20] [21] [22] [23] [24] [25] The {M(tpy) 2 } n+ structural element has proven particularly popular being easily accessed synthetically and functionalised to give linear molecular geometries, 26 featuring a wide range of metal ions, allowing a selection of physical and chemical properties relating the charge, size, redox and magnetic properties of the complex to be readily examined. The 2,3,5,6-tetra(pyridine-2-yl)pyrazine (tpp) ligand, which may be regarded as a 'back-to-back' fused bis-tpy ligand, is a valuable structural element when seeking to figuratively and literally extend these studies. The tpp ligand, used in conjugation with tpy co-ligands, provides a convenient entry point to linear, multi-metallic assemblies in which the metal centres can be strongly coupled, [27] [28] [29] [30] [31] and is wellsuited to use in the construction of molecular arrays both in solution and from 'on-surface' coordination chemistry approaches. 20, 21 We now report the synthesis, electrochemical and single molecule conductance behaviour of mono and bimetallic ruthenium complexes based on [Ru(tpy) 2 solution by direct methods, the structures were refined against F 2 with full-matrix least-squares using the SHELXTL 38 The crystallographic and refinement parameters are listed in supporting information.
Crystallographic data for the structures have been deposited with the Cambridge Crystallographic Data Centre as supplementary publication CCDC-1050880-1050882.
Computational studies. All the calculations were performed with the Gaussian 09 program package, 40 using the B3LYP functional. 41, 42 A comparison was made between models using SDD basis set for all atoms or LANL2DZ basis set for Ru and 6-31G(d) for all other atoms. 43, 44 Based on agreement with the crystallographic data, the LANL2DZ/6-31G(d) basis set was chosen.
RESULTS AND DISCUSSION
Synthesis. The elementary design of compounds for single molecule conductance studies within an STM-based metal|molecule|metal junction calls for a linear or pseudo linear molecular fragment terminated by suitable surface binding groups at each end of the molecule. 37 Here, the thiomethyl (-SMe) moiety was chosen as the surface contacting or anchoring group, 45, 46 allowing for good contact to gold substrates and the STM tip and compatibility with subsequent synthetic steps, without the additional complications of the protecting group strategies involved in the use of thiolates. 47 The parent ligand, 4-((methyl)sulfane)phenyl)-2,2′:6′,2″-terpyridine (L 1 )
bearing the SMe moiety was synthesised by the previously reported route involving a Kröhnke condensation of 2-acetylpyridine with 4-(methylthio)benzaldehyde (Scheme 1). 34 The new, extended ligand L 2 was synthesised by cross-coupling of tpyOTf with the (4- 
Molecular Structures.
The structure L 2 contains two virtually identical crystallographically independent molecules A and B (one of the molecules is shown in Figure 1 The conductance values, 95 th percentile break-off distances and calculated molecular lengths are summarised in Table 3 , with conductance histograms shown in Figure 5 while representative conductance traces showing current plateaus as well as 2D histograms are given in the supporting information. Note that break-off distances are typically shorter than the length of a fully extended molecular junction. This is consistent with the molecules not being fully extended into a vertical configuration in the gold-molecule-gold junction due to the details of the molecule-surface contact, as well as the stochastic nature of the junction breaking process. In this respect, important points to note about the thiomethyl group are its weaker adsorption to gold than the thiol group and also a degree of steric hindrance provided by the terminal methyl groups which may prevent formation of fully upright configuration for many junction arrangements. It is therefore not surprising that the break-off length fall short of the fully extended junction configuration. Although the slope of the plot informs about the conductance attenuation with length across this series, it is not strictly a "true β-factor" since this group of molecule does not represent a homologous series in which length is increased by adding repeating moieties (such as methylene groups in an alkanedithiol homologous series). Nevertheless, the length dependence of the conductance is an interesting factor in benchmarking conductance across this series of related molecules. The slope of the ln G versus length plot ("decay factor", β) shown in Figure 6 
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A series of mono-and bi-metallic ruthenium(II) complexes based on combinations of 2,3,5,6-tetra(pyridine-2-yl)pyrazine and methyl-sulfane substituted 2,2′:6′,2″-terpyridine ligands with lengths of up to 3.2 nm were synthesised. The single molecule conductance behaviour of the series was examined and a pseudo β value for the series determined, lying between those of oligoynes and oligophenylenes.
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